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NCCINEAOOBAHUE BITMAHUA BO3OBHOBJIAEMbIX NCTOYHUKOB

9HEPIM'MU HA ®YHKLMOHUPOBAHMUE PENEWHON 3ALLNTDI

M.B. AHdpeee, A.A. Cysopos, A.b. Ackapos, A.B. Kueseuy, B.E. PydHuk

HauyuonanbHbill uccnedosamensckull TOMCKUL NOAUMEXHUYECKUU yHUsepcumem,
e. Tomck, Poccusi

CoOBpeMEHHOM TEH/ICHIIUEH pa3BUTHS SIIEKTPOSHEPIETHUECKUX CUCTEM SIBILIETCS BHE/IPEHUE BO30OHOBIIsIC-
MBIX HCTOUHUKOB SHEPIHHU B BUJIE Paclpe/Ie/ieHHON IreHepaluy. BBIIBIEHO, YTO OJTHOM U3 OCHOBHBIX IIPHYMH,
C/IEPKUBAIOIIMX STOT IIPOLIECC, SIBISETCS U3MEHEHHUE IIPU STOM PEXUMOB pabOThl 3HEPIOCUCTEM, UTO B CBOIO
ouepesib OKasbIBaeT CYIIECTBEHHOE BIMSHUE Ha (YHKIMOHHUPOBAHKUE YCTPOMCTB PEIEHHOM 3alUThl U aBTOMA-
TUKU U, KaK CIIEJICTBUE, HAa UX HACTPOMKY. DKCIIEPUMEHTAIBHO JIOKA3aHO CHIDKEHUE UyBCTBUTEIBHOCTH U Ha-
DYIIIEHHE CEIEeKTUBHOCTU JEHCTBUI pENeHHON 3aIlUThl paclpe/IeMTebHON CeTH B Cllydae IIOKIIOUEHUS K
SHEProcUcTEME BETPOSHEPTeTHIECKON YCTaHOBKH. 11py 5TOM Ba)KHBIM (aKkTOPOM SBISIETCS. MOIITHOCTh M MECTO
MIOJIKIIOUYEHUSL. TakKe B CTaThe BBIIONHEH aHAINU3 CYIIECTBYIONIMX II0JX0IO0B 110 Pealn3alii 3aIllUThl TaKUX
SHeprocucTeM. B pesyibrare TeOpeTHUECKH JI0Ka3aHa HeoOX0UMOCTE pa3paboTKH HOBBIX METOJIOB U CPEJICTB
JUISL HACTPOMKH 3aIlUTHl M aBTOMATUKH, ITOCKOIIBKY CYIIECTBYIOIIHE I10IX0 (bl THO0 OTPaHUUUBAIOT BHEIPEHUE

HOBOI'O 060pyl[0BaHI/Iﬂ, 00 CITOKHO pealln3yEeMbl, mmbo HEA0CTaTOYHO ruOKHE.
Kniouesvie cnosa: peﬂeﬁya}z 3awuma, mamemdamudeckoe Modeﬂupoeanue, pacnpedeﬂeHHa}z ceHepayui,

680300HO615eMblE UCTOYHUK Hepauu.

Beenenue

CormacHo craTucTHYeCKHM JaHHBIM  https://
yearbook.enerdata.ru, 3a mocremaue 15 ner mpupoct
MOTPEONCHAS 3ICKTPOIHEPTHH COCTABHI TIPUMEPHO
35-40 % [1]. Takas TCHACHIMA MPUBOAUT K HEOOXO-
JUMOCTH BBOAA HOBBIX MOIIHOCTEH, TCHEPHPYEMBIX B
HACTOANIECE BPEMs IPEHMYIICCTBEHHO 34 CUET HC-
MOJTB30BAHAS HCKOMACMBIX pecypcoB. [Ipu 3ToM B
Pa3sBUTBIX CTpaHAX MHpPA OJHHM H3 NPHOPHUTCTHBIX
HANPABJICHUI PA3BUTHA 3JICKTPOIHCPTETHUCCKHUX CHC-
TeM (B3C) gBIACTCA MEPEX0A HA BO3OOHOBIACMBIC
uctounukn >Heprun (BMU3). CymMmapHas reHepupye-
Mas MOIUHOCTb HCTOYHHKOB, PaOOTAIOIIMX HA JHEP-
THH BETPA M COIHIA, 3a MOCICAHUE 15 IeT yBeaudm-
nace Oonee yem Ha 30 %. CormacHo mmanam Espo-
coro3a ot BUO x 2020 roxy A0MKHA COCTABIATH
20 %, a x 2050-my — 80-95 % [2]. Ognako daxruue-
CKHE THU(PHI BBHITIAAT HAMHOTO CKPOMHEE H CO-
CTABJLIIOT €/1BA ITM MOJOBUHY OT 3aIUIAHHPOBAHHOTO
o0BeMa.

OxHOW W3 OCHOBHBIX NPUYHH, CICPKUBAFOIINX
uHTErpanu0 BUD, sBisercs M3MEHEHHWE TPH 3TOM
pekuMoB padoTer 3IC, UTO B CBOIO OUCpPEAb OKA3HI-
BAacT CYLICCTBEHHOC BIMSAHUC HA ()YHKUHOHHPOBAHHE
YCTpOiicTB peneiHon 3amuTs! (P3) 1 aBTOMATHKH.

IMocranoBka 3aja4u

3agaua YOpaBICHHA W 3ALIHTHI SHCPrOCHCTEM
COXPAHACT CBOK AKTYaJbHOCTH BBHAY CIIOKHOCTH ©&
penreHus. [locmeqHee B CBOKO OMEPEIb CBA3AHO C TEM,
yro modas D2C mpeacraBmaet co0oi CIOKHYIO, HE-
JHHCHHYF0, MHOTOMAPAMETPHYCCKYK) H JHHAMHYC-
CKYI0 CHCTeMY. ABTOPAMH PEalH3yeTcs MPOCKT, Ha-
TIPABJICHHBIM HA M3yUeHHE Ipoueccos B DIC, a Tarke
Ha Pa3pabOTKy METOJOB H CPEACTB OMPCACICHUA Ha-

ctpoek P3, obecneumBarommx HaaekHY U 3(dek-
THBHYIO MX PabOTy B KOHKPETHBIX YCIOBHAX (PyHK-
TUOHUPOBAHHUA. HpI/I OTOM HCJIB3 HC YYHUTBIBATH OT-
MEUCHHYIO paHee TeHACHIMIO pa3euTisi DIC. B ceazn
C 3THM LETBI0 MEPBOTO 3Tama MPOSKTA, MOCBACHHO-
TO HW3YYCHHIO COBpEeMCHHBIX JJC, coacpkamux B
yactHocTH BH3J, OBIIO TEOPETHHUECKOE M 3IKCICPH-
MEHTAJIBHOE HCCIICIOBAHHE MPOLECCOB B TAKHX JHEP-
TOCHCTEMAX, a TAKKe MPCSABAPHTCILHAL OLICHKA BIHA-
HUsI WX HA (pyHKUMOHWpOBaHHWE ycTpoucTts P3. Pe-
3YIBTATHl JAHHOH Pa0OTHI OTPAYKCHBI JAJICE B CTATHE.

Teopern4ieckast 4acTh

PacnpeaemurembHBIE CETH ¢ OAHOCTOPOHHHUM ITH-
TaHWEM, KaK IMPABHJIO, 3ALIUIIAIOTCS MAKCHMATbHBIMH
TokoBBIME 3ammuTamu (MT3). B cnyuae 6omee crmox-
HOW KOH(urypammu mnpuMeHsercas MT3 HampasicH-
Hat (MT3H). Kak m3sectno, MT3H He ycTanasmmsa-
FOTCS B KOJIBIICBBIX CETSIX C HECKOJIBKHMH MCTOYHUKA-
mu murarus. Ho B ciydae mcnonezosanms BUD B
KAQ4YeCTBE PACTPEACHEHHBIX HCTOUHHKOB JHEPTHH
CKJIAJBIBACTCS MMCHHO Takas curyamms, u MT3H c
VCTaBKOH IO BPEMCHH, BHIOMPACMOW MO BCTPEHHO-
CTYNICHYATOMY MPHHIHITY, HE MOXKET UCIONB30BATHCA.
3HaucHHE TOKA KOPOTKOro 3ambikanms (K3) m ero
HANPABICHHE 3aBHCHT OT THIA, KOJHMYECTBA H MECTO-
monoxxeHnss BMD B cern [3]. Hmwke paccmoTpeHs
OCHOBHBIC ITPOOJEMBI OOCCTICYCHHUS KOPPEKTHOTO
(P)YHKITMOHMPOBAHMS 3ALIUTHI IPH HHTETpanun BUJ:

1. HedyBCTBUTEIBHOCTD  3aIIUTBL. BHeapeHue
BHUD B 3aBHCHMOCTH OT THIA, MOIIHOCTH M MECTa
VCTAHOBKH MOXKET CYIIECTBEHHO MOBIHMATH Ha TOK K3.
Ja cuaxponnsix BUD (Manbie THAPOCTAHLIHH) TOK
K3 moxeT mpeBbImaTh pacueTHBII HOMHHATbHBIH TOK
B 5-6 pa3. Musepropusic k¢ BUD Ha ocHOBe (hoTO-
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JMEKTPUHCCKUX 3IEMECHTOB CO3JAI0T HEOOIBIION TOK
K3 B mmamazore ot 1,1 10 2 pa3 0T HOMHHAIBEHOTO
TOKA. JTOTO MOYKET OKA3aThCsS HEAOCTATOYHO UL Cpa-
OareBanmsa MT3 a1 cxeM, Kak TIOKA3aHO HA pHC. la.

2. Hapymenne cenckTHBHOCTH. KpymHOMAc-
mradHoe BHeaApeHne BHUD B pacnpeac mTenbHBIC CC-
TH TMPUBOAUT K TOMY, YTO OHH CO34Ar0T ABYHAIpPaB-
neHHBIH TOK K3 Ha OOJBIIMHCTBC MHTAFOINHMX JIHHHIH.
Henanpasaerras MT3 HE MOXKET 0OCCHCUUTH CCIICK-
THBHYKO 3alIMTy I Takux cered. Kak mokaszaHo Ha
puc. 10, mpu K3 peme R2 MokeT CpaboTaTh PAHBIIC
pene R1. B Oompmmmx B3aMMOCBSI3aHHBIX PAcIpec.Ii-
TCIBHBIX CCTAX HCKOTOPBIC PEIC MOIYT Cpa6aTI>IBaTI>

a)

JI0 TOTO, Kak CpabOTacT MpeasIAyINee pele, UTo IpH-
BOJUT K OTKJIFOUECHHUIO OOJIbIIEH YACTH CETH.

3. IIpobieMbl ¢ aBTOMATHKOH MOBTOPHOTO BKJIO-
uyeHuA (AIIB). Kak mokazaHo Ha puc. 2, KOTAa MOBpE-
JKACHHE YACTHYHO OTKIFOUCHO CO CTOPOHBI YCTAHOBKH
ATIB, ono Bce cme muractca ot BUD. Co3naBacMbrit
BHD 1ok K3 Mosker cTarh MpUIMHON BO3HHKHOBCHHS
3JCKTPHUCCKON IyTH depe3 BRIKTFOUaTens AlIB.

IIpakTH4eckas 9acTh

Copmymuposarnbie Bbime ocodeHHOCTH IIC C
BUD moareepKmaroTCs CICAYIOIMMH  HCCIIEA0BA-
Husmu 41 cxemsl 14-Bus IEEE (puc. 3).
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Puc. 3. TectoBas cxema 939C ana npoBeaeHUs uccrnegosaHuil — IEEE 14-Bus System
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Cayuali 1: MecTO YCTAHOBKM BETPSIHOM 3IIEKTPO-
craniun (BOC) — yzen 14 (110 kB).

Okcmepument Ne 1 — apyxdaznoe K3 (4B) B y3ne
13 mpu m3merennn MomHocTH BAC (ot 0 1o 30 MBT)
B y3ne 14. MHTepeceH xapakTep m3MeHEeHHs Toka K3
Ha yuHud J1-17 (puc. 4) — pH yBETHMYEHHH MOIITHOCTH
BOC mpoucxoaut ymeHbIIeHHEe BeIWMYHHBI ToKa K3,
npotekaroinero no guaun JI-17, mpu neyxdasnom K3
B y31e 13. Takum oOpasom, P3, ycraHOBNeHHAs B Ha-
yane JI-17 (cuuras y3en 9 HayamoM JTHHUH SJIEKTPO-
nepenaun (JISI), a yzen 14 — koHLIOM), TIpH oTIpese-
nenHoi momHoctn BOC He Oymet s¢ddexTuBHO pe-
3epBHpOBaTh 3amuTy auHun JI-20 (BenmuunHa Toka K3
OyzieT MEHBIIE, YeM yCTaBKa CpabaThIBAHUS 3AILUTHI).

Oxcnepument Ne 2 — tpexdaznoe K3 B y3ne 13

Iy KA
145

14
1,35
1,3

1,25

1,2

npu m3MeHeHun MomHoctH BOC (ot 0 1o 30 MBT) B
y3ne 14. B pmanHoM cmywae mpu Tpexdazumom K3 B
y3ne 13 mpu yBenmieHnd MomHocTH BOC mpowmcxo-
JUT yBEIMYCHHE BEMMYHMHBI Toka K3, mporekaromero
mo muann JI-17 (puc. 5).

OkcmepumenT Ne 3 — nepememenne BOC mom-
Hocthio 10 MBT ot y3ma 9 10 y3ma 13 («mepemeraro-
mudics» y3en 14 ¢ BOC), tecroBoe BO3MyIIEHHE —
nsyxdastoe K3 (AB). B nanHom cnydae npu ayxdas-
oM K3 B y3ne 13 mpu dukcuposannoi momHocT BOC
(10 MBT) u u3menenun pacnonoxenust BOC orHoch-
TENBHO Y370B 9 1 13 MpOMCXOANT CHaYasla yMEHbIIEHHE
(ipu x (comporuBnenue muHUK) < 0,5 0.€.) BEITUYHUHBI
toka K3, mporekaromero mo muavm JI-17, a 3atem eé
yeenmyeHue (npu x > 0,5 o.e.) (puc. 6). Takum oOpa-
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Pyyc» MBT

Puc. 4. BennuuHa Toka K3, npoTtekarwero no nuHuu J1-17, npu asyxdasHom K3 (AB)
B y3ne 13: 1 - 1ok K3; 2 — yctaBka P3 B Hauane nuuum J1-17
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Puc. 5. BennuuHa Toka K3, npoTtekatowero no nuuum J1-17, npu tpexdasHom K3
B y3ne 13: 1 - Tok K3; 2 — yctaBka P3 B Hauane nuium J1-17
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Puc. 6. BenuunHa Toka K3, npotekatowero no nuuum J1-17, npu asyxdasHom K3
B y3ne 13: 1 - Tok K3; 2 — ypaneHHocTb BOC
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30M, peNcifHas 3aIuWTa, YCTAHOBJICHHAS B HAYAIC
JI-17, mpu ompeneneHHOM pacnoioxkennn BOC (Ha-
mpumep, ot 0,28 o.e. 10 0,62 o0.¢.) HE OyaeT 3Pdek-
THBHO PE3EPBHPOBATh 3amuTy duHUU JI-20 (BeTHunHA
toka K3 Oyzmer MeHbIme, yeM ycTaBka CpabaThIBAHHSA
3aIIHUTHI).

Cayuaii 2: BOC momuocteio 30 MBT ycranos-
JcHA B y371¢ 14, TSCTOBOC BOBMYIICHHE — TpeX(hazHOE
K3 By3me 10 (cMm. puc. 3).

Hccnenosanue IByX mpooieM:

* mpoOnema 1 — u3MEeHEHHE HANPABICHUS ITPOTE-
KaHHS TOKA KaK B PaboveM pexHuMe, TAK U B aBAPHIi-
HOM (mipu K3);

* mpobiieMa 2 — YBeIMUCHHC BCIMYHHBI TOKa K3,
npotekaromero mo JIJI, mpu remHNX K3, B CBs3M C
YeM BO3MOYKHO HECEJICKTHBHOEC ACUCTBHE PEICHHOM
samuthl (oTkmoucHue JIOI, HA KOTOPBIX HET MOBPE-
JKACHHSL, BCICACTBHE YETO BO3MOKHO KACKATHOE OT-
KiroueHue apyrux JISIT).

Oxrcnepument Ne 1 — 6e3 BOC: kak BHIHO W3
puc. 7, B HOPMAJILHOM PEKUME TOK 1O JuHUH JI-17
MPOTEKACT U3 y3ma 9 B cropoHy y3ma 14, mpu K3 —
MIPOMCXOINT YMEHBIICHUC BEJIMYUHBI TOKA IO JIHMHHUH,
TaK KaK BCE TOKH CTCKAKOTCA K MecTy K3.

Oxcnepumerr Ne2 — ¢ BOC  MOmMHOCTHIO
30 MBr B y31e 14. Kak BugHo u3 puc. 8, B HOpMajib-

Li

HOM PE&KHMME TOK MO JuHUU JI-17 yke mpoTekaer u3
y3ma 14 B ctopoHy y31a 9 (IPOMCXOAUT HU3MCHCHUE
HAIPABICHU MPOTEKAaHUs TOKA), a mpu K3 — mpowuc-
XOAUT VBCIHYCHUC BCIIHYHWHBI TOKA TO JTHHHH H3-32
TOSBJICHHS TOTOTHATCIIFHOH moamuTku mecta K3 ot
B3C.

Kax roBOpHIIOCH BHIIIE, TPATHIHOHHBIC TPHHIIH-
IIBI 3AIIATHI 3HEPTOOOBEKTOB He MoAX0 AT st DIC ¢
BUD3. Jance 00CyKIAFOTCA CYIICCTBYFOIIHC TIOIXOIBI
IO 3AIMUTE TAKUX JHEPTOCHCTEM.

1. Cxema 3animThI, OCHOBAHHAS HA KOHTPOJC Ha-
MIPSOKCHUS B TOUKe mpucoeauHenns BUD k cern [4].
OcHOBHAS HACA JAHHOH CXEMBI 3ALIUTHI 3aKIFOUACTCS
B CHIDKCHHH cocTaByumomic Toka K3 or BUD. Bo spe-
MS aBapuH KOHTPOJb OMIOPHOTO TOKA IpeodpasosaTe-
Tt (/) OCYLIECTBIIETCS B COOTBETCTBHUU C (1):

B
I, :%6" ama U >0,880.€.

@)
Iy =kU" . 011U <£0,880.¢.;

e /10 — MAKCHMYM BBIXOJHOTO TOKA TPH HATIPSKCS-
Hud U B Touke mpucoeauHeHna BUJ k cetH; Poo6 —
HCOOXOIUMAs BBIXOAHAS MOIIHOCTB, Kk M N — KOH-
CTaHTHL

DTO MPOCTOH METOA, W HUKAKHX TOTIOJTHUTCIIh-
HBIX 3aTpaT I €TO peamm3anun He Tpedyercsa. OgHa-
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Puc. 7. BennunHa aeicTBylowero 3HaueH1s Toka, nporeKarowero no nuiumu J1-17, B HopManbHOM pexume
u npu TpexdasHoM K3 B ysne 10
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Puc. 8. BennunHa aeicTeylowero 3HaueHus Toka, nporeKarowero no nuiuu J1-17, B HopManbHOM pexume
u npu TpexdasHoM K3 B ysne 10
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KO OH MOKET padoTaTh HEKOPPEKTHO NPH MAJCHHUH
HANPSDKCHUS M3-3Q YBEIMUCHHS HATPY3KH, ITyCKe/CaMo-
3amycKe ABHraTesici u ap. bonee TOro, yaaaeHHOCTD
Toukd K3 OT MecTa KOHTPOJISI HANPSDKECHHUS CHIKACT
YyBCTBHTEIBHOCTD 3aIUTHL

2. Jucranumonnas 3amura (/[13) [5]. A3 ssmoT-
¢ caMbiMu pacmpoctpanéHHsIME B OOC. B cpasHe-
Hun ¢ MT3 /I3 MeHee MOABEPKCHBI BIMSHUIO H3ME-
HeHmil B KoH(urypaumm cern. Hampasnenmusie [13
MO3BOJLIIOT ompeAeaTh Mecto K3: Ha 3amummaemMom
00BbEKTE WM «3a CHHHOW» 3ammTbl. OXHAKO TIpH
OIICHKE YyBCTBHUTEIHHOCTH IIEPEXOJHOE COIPOTHBIC-
HHUC O0TOPACHIBACTCS, HO B PACIPEACIHTEIBHBIX CETSIX
YYCT Cr0 BAXKCH IPH HacTpoiike /I3, moToMy |TO JH-
HUH KOPOTKHE M OOJBINIMHCTBO aBapHWil IPOUCXOIHT
yepe3 OOJBIIOE MEPEXOAHOC COMpOoTHBICHHE. [Ipm
mupokoM BHeApeHun BUD B Buzae pacnpenciéHHbIX
HCTOYHHKOB YYECTh MEPEXOJHOE COIPOTHBICHHUC
KpaifHe THKENO, MOATOMY 00ACTh CpabaTHIBAHHA HA
XapakTepucTHKS /13 MOXKCT 0KAa3aThCAd KaK H30BITOU-
HOM, TaK M HEJOCTATOYHOM, YTO MOKET CTATh HMPHIH-
HOW HETIPABWJIBHBIX ACHCTBHI.

Cnexyer OTMCTHTH APYTHEC OCOOCHHOCTH (DYHK-
nuoHupoBanms /I3 B cerax ¢ BU3. Hanpumep, m3me-
HCHHE TMAPAMETPOB BETPA OKA3BIBACT CYUICCTBCHHOC
BIMSHHAC HA mambHOCTh aAckicteusa [13. KomeGanms
CKOPOCTH BETpPAa TNPHBOIAT K HM3MEHCHUSIM YPOBHS
HANPSUKEHHUS B CETH M COOTBETCTBEHHO K M3MCHEHHSIM
TIOJTHOTO CONPOTHUBJICHHS, KOHTPOJIMPYEMOTO 3aIiu-
TOH, W, KaK CJCACTBHC, HOCTAOWIBHOCTH 30HKI Cpada-
ThIBAaHWSA Ha Xapakrepucruke /JI3. Takas Heompene-
JIEHHOCTh HEJOIYCTHMA NPH PEATH3aLUH 3aIlnThI
oobekra DIC.

BerpoycTaHOBKH HCHONB3YIOT PA3IHYIHbBIC THITHI
TCHEPaTOpPOB, 3 UMECHHO WHAYKIHOHHBIC W CHHXPOH-
Hble. JluHamMmka mepexomHoro mpomnecca mpu K3 B
TEHEPaTopax MHAYKIMOHHOTO THIA PA3IMYHA B CPaB-
HCHHU C TPAAUIUOHHBIMH CHHXPOHHBIMH TCHEPATO-
paMu, YTO SBIBICTCS BAaXKHBIM (DAKTOpOM, HO B Ha-
CTOSIIEE BpeMs HE YUTCHO IPH (OPMUPOBAHHH Xa-
pakrepuctuky /3.

3. B xkauecTse BapWaHTa PEHICHHUS IPOOICMBI
KOppekTHON HacTpodkn P3, oOecmeumaromed &
MPABIIIBHOEC (DYHKIMOHUPOBAHHE B COBPEMEHHBIX
22C, mpeamararTCcsA aNrOPUTMBL, Hampumep [0, 7],
ompenencHus 00beMa B MeCT ycTaHOBKH B3I takmm
o0pazoM, 4TOOBI 3TO HE BIILLIO HA HAacTpowku P3 m
COOTBETCTBCHHO Ha HX paboty. Takoil moaxon mc-
KIIFOYAET HEOOXOIMMOCTh 3HAYUTEILHOTO OOHOBIC-
HUSI CYHICCTBYIOIIMX METOJOB Pacyera YCTABOK, OJ-
HAKO, cACpKUBaeT BHeApeHUEe BUJ.

4. B [8] npegnaraetcs HUCHOJb30BaTh MAaKCH-
MaJIbHYE0 TOKOBYIO HAIIPABJICHHYIO 3aLIUTY C ABYMS
XapaKTEPUCTHKAMH CpadaThIBAHWS: TIPAMOTO U 00-
patHOro HampasicHus. [JJaHHBIH NOAX0A, OAHAKO, Ha-
TPABJICH JHIIb HAa PEHICHHE MPOOIeMbl KOOPIHHALIMA
P3 mMexay coOolt 3a cueT BBIACPKEK BPEMCHH M HE Me-
HJCT KOHIENIUIO (PYHKIHOHHPOBAHMS MAKCHMAJBHBIX
TOKOBBIX 3amuT. Kpome Toro, 310T crocod He pemaet
mpo6iemsl BistHESE B Ha yposens Toka K3.

3arxmodenne

PestoMupyS BBIIECKA3aHHOE, MOKHO C YBCPCH-
HOCTBIO 3aSIBJBITH O HEOOXOAMMOCTH Pa3pabOTKH HO-
BBIX METOJOB U CPEACTB A1 HACTPOHKH P3, OCKOIb-
Ky CYHICCTBYIOIIMC MOIXOABI JIMOO OTPAHHUYHBAIOT
BHCIPCHUC HOBOTO 000PYIOBAHNA, THOO CIIOKHO pea-
JTH3YCMBI, THOO0 HEAOCTATOTHO THOKWHC.

'maBHbIM ycOBHEM pemieHHs 0003HAUCHHOH
mpOOJIEMBI ABJIACTCS HATHYUC BO3MOXKHOCTH JICTAH-
3HPOBAHHOTO AHATU3Aa PAOOTHI KIFOUCBBIX 3ICMCHTOB
CXeM YCTPOHCTB P3 pa3iaMdHBIX WCMOHCHHI B KOH-
KPETHBIX PEKAMAax PabOTHI, YTO MO3BOJIMT OIICHUBATH
IPOUCCChI UBMCHCHHA TOKOB H Hal'[p}DKeHI/Iﬁ B 34IIH-
MACMBIX 00BEKTAX, MOTPEITHOCTH MPEoOPA3OBAHKA B
H3MEPUTETBHBIX TPAHCPOPMATOPAX M IPHMCHICMbIX
P3. 210 B CcBOIO OUEpenp MO3BOIUT (POPMHUPOBATH TIA-
paMeTphI AACKBATHON PEANTBHBIM YCIOBHAM (DYHKITHO-
HupoBaHHA HacTpodku P3. OOecrneunTh yKa3aHHYIO
BO3MOXHOCTh B COBOKYITHOCTH C AACKBATHBIM CHMY-
msrropoM D3C MO3BOJIFOT ACTATH3HPOBAHHBIC MaTe-
Marmueckue mMoaemu P3. Pa3paboTkoii m mccimeoBa-
HHCM TAKHX MOI[GJ'IGfI, a TAKKC NMPUMCHCHUECM HX IOJIA
Hactporiku P3 3armMarorcs aBropsl [9, 10]. Tomyue-
HbI MOJIOKHATCIIBHBIC PC3YIbTAThl AJIA «TPAaAUIIHOH-
Hbx» J3JC, KOTOpHIC, OJHAKO, CIIC HAXOAATCA HA
cranuu OmyOauKoBaHHA. [IOKA3aHHBIC B CTATBE HC-
CIeIOBAaHHS IOATBEPAMIM HEOOXOJMMOCTH HpOpa-
6oTtku Bompoca HacTpoiiku P3 st 39C ¢ BUD. Pa-
00Ta B JAHHOM HATIPABJICHUH yKE BEACTCAL

PaGora BbINO/IHEHa NpHN HoyiepxKke MuHNcTEpCT-
Ba HayKd W BbIciero oGpasoBanns P®, Cormamenne
Ne 075-15-2019-1052.
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HOW RENEWABLE ENERGY SOURCES AFFECT

RELAY PROTECTIONS

M.V. Andreev, andreevmv@itpu.ru,
A.A. Suvorov, suvorovaa@tpu.ru,
A.B. Askarov, aba7@tpu.ru,

A.V. Kievets, kievec.v.I@gmail.com,
V.E. Rudnik, fordip006@mail.ru

Tomsk Polytechnic University, Tomsk, Russian Federation

Renewable energy sources are increasingly used for distributed generation. However, such application al-
ters power system-wide parameters, which aftects relay protection and automation as well as its configuration,
ultimately preventing wider use of renewable energy. Experiments prove connecting a wind farm to a distribu-
tion grid renders RPA less sensitive or selective. Location and capacity of a connected farm are two major fac-
tors. The paper analyzes the existing approaches to protecting such systems and substantiates a need for novel
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UccnedoeaHue enusiHusi 60306HOBIISIEMbIX UCMOYHUKOE
3HepzauU Ha hyHKUUOHUpOeaHUe pesleliHol 3aujumsi

AHdpeee M.B., Cysopos A.A.,
Ackapoe A.bB. u dp.

RPA configuration methods and means, as the existing ones limit the deployment of new equipment, or are too
complicated, or not flexible enough.
Keywords: relay protection, mathematical modeling, distributed generation, renewable energy sources.
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